It has been shown that inflammation and oxidative stress are important factors in postoperative atrial fibrillation (POAF). Angiotensin converting enzyme (ACE) and apelin have a close relationship with inflammation and oxidative stress. The effect of ACE and apelin on POAF after off-pump coronary artery bypass grafting (OPCABG) remains a question. The concentrations of serum ACE, angiotensin II (Ang II), apelin, bradykinin (BK), malondialdehyde (MDA), and C reactive protein (CRP) were measured in the perioperative period of OPCABG. The levels of serum ACE in the POAF group were higher than in the no POAF group both preoperatively and postoperatively. Apelin in the POAF group was lower than in the no POAF group. There was a correlation between serum ACE and apelin. Postoperatively, CRP and MDA in the POAF group were higher than in the no POAF group; however, there was no difference before the operation. Preoperative ACE and apelin were both significant and independent risk factors for POAF. In conclusion, the high ACE and low apelin preoperatively led to CRP and MDA being increased postoperatively, which was probably associated with POAF after OPCABG. Apelin may be a new predictor for POAF.
Introduction
Postoperative atrial fibrillation (POAF) is a common postoperative complication following coronary artery bypass grafting (CABG), which occurs in approximately 13% to 40% of patients [1, 2] . POAF, as a type of new-onset paroxysmal atrial fibrillation (AF), is different from persistent and permanent AF in terms of mechanism. Existing research has shown that inflammation, oxidative stress, and electrical remodeling may trigger POAF without serious structural remodeling [3] [4] [5] . POAF induces hemodynamic instability in patients after the operation and is often accompanied by left-ventricular systolic dysfunction and congestive heart failure, increased risk of stroke, prolonged hospital stays, and increased medical costs and mortality rates [6] . It has been shown that the expressions of ACE and Ang II were increased in the atrial tissues of patients with persistent and permanent AF, which means ACEI can prevent the recurrence of persistent and permanent AF [7] . However, some studies found ACEI cannot prevent the occurrence of POAF [8] , as it is known that ACE has a close relationship with Ang II and BK. Moreover, ACE has a negative correlation with angiotensin converting enzyme 2 (ACE2), which has a second catalytic substrate named apelin [9] . Apelin/APJ (a putative receptor protein related to the angiotensin receptor AT1) is a new member of RAAS discovered in recent years. Apelin has recently been demonstrated to regulate Ang II through ACE2. Apelin-ACE2-angiotensin 1-7 system has been proposed as a new network. A decrease in apelin causes downregulation of ACE2 expression, resulting in a reduction of Ang II degradation [10] . Several studies have shown that apelin has anti-inflammation and antioxidative stress effects [11] [12] [13] . However, the relationship between POAF, ACE, Ang II, BK, and apelin is not yet clear. We aimed to determine this relationship in the study and tried to find the new predictors for POAF (Figures 1 and 2) . Maybe, the cause of ACEI not being able to prevent the occurrence of POAF would be found at the same time.
Methods/Design

Study Design.
A retrospective case-controlled clinical trial was carried out. This clinical trial has been registered at ClinicalTrials.gov (registration number NCT02807532).
Study Setting.
The study setting was Department of Cardiovascular Surgery, General Hospital of Shenyang Military Region, Shenyang, China.
Study Participants.
A total of 508 patients with coronary atherosclerotic heart disease scheduled to undergo isolated OPCABG at our institution between March 2015 and December 2015 participated in the study. We only chose OPCABG to exclude the influence from on-pump CABG, similarly to blood dilution and trauma.
The inclusion criteria were the following: the subject met the WHO diagnostic criteria for coronary atherosclerotic heart disease, was scheduled to undergo OPCABG, had no history of atrial fibrillation, had no history of thoracotomy, and provided written informed consent having understood the benefits and risks of participation in the trial.
The exclusion criteria were the following: valvular heart disease requiring surgical treatment, on-pump CABG, malignant tumor, severe infection, chronic obstructive pulmonary disease (COPD), serious heart failure (EF < 0.30), refusal to cooperate with specimen collection and laboratory examination, ongoing participation in other clinical trials, and being unable to provide informed consent due to mental disorders or language barriers.
The concentrations of serum ACE, Ang II, apelin, BK, and MDA were measured using an enzyme linked immune sorbent assay (ELISA) and CRP was measured using immunoturbidimetry in the peripheral blood from 508 consecutive patients with a sinus rhythm in the perioperative period of OPCABG. Preoperative peripheral blood was obtained at 06:00-07:00 the morning after admission before the operation. Postoperative peripheral blood was obtained at 06:00-07:00 the morning after the operation. Both carried were out on an empty stomach.
POAF Definition and
Monitoring. The patient's ECG in the intensive care unit (ICU) was continuously monitored for 48 hours after the operation. A standard 12-lead ECG was then recorded once per day after the patient returned to the general ward; ECGs were continuously monitored after any sign of clinical deterioration (palpitations, dyspnea, or confusion) until the POAF was converted. The above were measured for 7 days after the operation (or until the patient left the hospital). POAF was defined as a classical AF waveform lasting more than 1 minute.
Statistical Analysis.
All statistical calculations were carried out using SPSS 18.0 software (IBM, Chicago, IL, USA). Continuous variables were reported as the mean ± standard deviation. Continuous variables with a normal distribution were analyzed with an independent -test. Categorical variables were reported as frequency and percentage. Comparisons between groups were analyzed with a chi-squared test, correction chi-squared test, or Fisher's exact test. The continuous variables with an abnormal distribution were analyzed using the Mann-Whitney test. Comparisons of data before and after the operation were evaluated using a paired -test. The correlation between the 2 data sets was analyzed with bivariate correlation analysis. Independent risk factor analysis was used for univariate and multivariate logistic regression analysis. The factors where < 0.1 were included in a multivariate logistic regression analysis as more factors were considered. < 0.05 was considered significant in all comparisons.
Results
Cohort Characteristics.
A total of 508 cases of OPCABG patients were included in this study. The incidence rate of POAF was 21.26% (108/508). The clinical characteristics of the patient groups in the POAF group and no POAF group are listed in Table 1 . There were significant differences between the groups in age ( = 0.036), smoking ( = 0.044), left atrial diameters (LADs; = 0.001), left ventricle end-diastolic volume (LVEDV; = 0.013), and statins ( = 0.002).
Data Analysis of ACE, Apelin, Ang II, BK, CRP, and MDA.
Data comparisons between the groups showed that the levels of serum ACE in the POAF group were higher than in the no POAF group both preoperatively and postoperatively ( = 0.001 and = 0.033, resp.). The levels of serum apelin in the POAF group were lower than the no POAF group both preoperatively and postoperatively ( < 0.001, both). The levels of serum Ang II and BK showed no difference between the groups both preoperatively and postoperatively. The levels of CRP and serum MDA in the POAF group were higher than the no POAF group postoperatively ( = 0.005 and = 0.002, resp.), but it showed no difference between the groups preoperatively. All the above results are listed in Table 2 . There was a correlation between serum ACE and apelin preoperatively (Pearson correlation = −0.441, < 0.001) and postoperatively (Pearson correlation = −0.329, < 0.001; Figure 3 ). There was a correlation between serum apelin and CRP preoperatively (Pearson's correlation = −0.354, < 0.001) and postoperatively (Pearson's correlation = −0.393, < 0.001; Figure 4 ).
Univariate and Multivariate Analysis of POAF.
Multivariate logistic regression analysis showed that ACE preoperatively (pre-ACE), pre-apelin, smoking, LDL, statins, EF, LAD, and LVEDV were significant and independent risk factors for POAF preoperatively (Wald = 8. = 0.005, resp.; Table 3 ). Of special note, POAF had two classifications regarding counted data. The difference between the high and low values of apelin detection results was larger. Using continuous variables would affect the logistic regression analysis results and we therefore converted the results of apelin to counted Tables 1 and 2. data with a two-classification method. The samples were divided into high and low groups using the total sample mean value (4410 pg/mL) which was the boundary value. The logistic regression analysis was subsequently carried out.
Data Comparison between Preoperative and Postoperative
Levels. Data comparisons between preoperative and postoperative levels showed that the levels of serum ACE, Ang II, apelin, and BK were not statistically significantly different in the entire sample, the POAF group, and the no POAF group. The levels of CRP and serum MDA postoperatively were higher than preoperatively ( < 0.001; Table 4 and Figure 5 ).
Discussion
The morbidity of POAF after CABG has been shown to be approximately 13% to 40% [1, 2] . It was 21.26% in our study. Several studies have shown that age, smoking, hypertension, diabetes (DM), obesity, hypercholesterolemia, leukocytosis, LAD, cardiopulmonary bypass time, and many other factors were found to be independent risk factors for POAF [14] [15] [16] . This study showed that ACE preoperatively (pre-ACE), pre-apelin, smoking, LDL, statins, EF, LAD, and LVEDV were significant and independent risk factors for POAF preoperatively. It is well known that myocardial fibrosis and structure reconstruction are important pathological bases of AF. Perhaps, there was a certain extent of myocardial fibrosis in patients with POAF before CABG. They were heavier than normal, but lighter than in persistent and permanent AF patients. When these patients had surgical trauma, postoperative inflammation and oxidative stress may trigger POAF. The sensitivity of the body to inflammation and oxidative stress is also one of the factors. EF, LAD, and LVEDV are closely related to myocardial fibrosis and structure reconstruction. Lower EF and LVEDV often suggested that there was obvious cardiac cavity enlargement and myocardial fibrosis. Larger LAD often suggested obvious structural reconstruction. These are exactly the bases of POAF. Smoking and statins are closely related to inflammation and oxidative stress. Anti-inflammatory and antioxidative effects of statins are already well known, as well as the negative effects of smoking [14] [15] [16] . These inferences are consistent with the results of this study.
The renin-angiotensin-aldosterone system (RAAS) is a hormone system that is involved in the regulation of the plasma sodium concentration and arterial blood pressure. It is an important control system in the human body. Several studies have shown that ACE and Ang II, as the major characters of RAAS, participate in the pathological process of POAF [7, [17] [18] [19] . Regarding the preventive effect of ACEI on POAF, a number of clinical studies have shown that the conclusions were not consistent [19] [20] [21] .
Apelin is an endogenous ligand of the G-protein coupled receptor APJ, and it exhibits homology to angiotensin II. The signaling system stimulated by apelin regulates many physiological functions and pathological processes [22] . It is known that apelin has anti-inflammation and antioxidative stress effects [11] [12] [13] 23] . Existing research has shown that inflammation and oxidative stress are major pathogenic factors of POAF [3] [4] [5] .
The relationships between POAF, ACE, Ang II, BK, and apelin are unknown. The aim of this study was to investigate this question. We measured the level of ACE, Ang II, apelin, BK, CRP, and MDA preoperatively and postoperatively in the POAF group and no POAF group. The conclusions were as follows.
First, the levels of serum ACE and apelin were significantly different between the POAF group and no POAF group both preoperatively and postoperatively, but the levels of serum Ang II and BK showed no difference. These data suggest that the predominant downstream effectors of ACE, Ang II, and BK may have little influence on the pathological processes of OPCABG-POAF. Perhaps this is the reason for ACEI not having a significant preventive effect on POAF. The OPCABG operation may not affect Ang II. Raised Ang II after persistent and permanent AF may be caused by myocardial fibrosis.
Second, there was a correlation between serum ACE and apelin preoperative and postoperative levels. At the same time, ACE and apelin were both significant and independent risk factors for POAF preoperatively. The results showed that ACE and apelin/APJ perhaps not only play important roles in OPCABG-POAF but also work together. It is known that ACE and ACE2 have a negative correlation in the human body. Apelin is a second catalytic substrate for ACE2 and functions as an inotropic and cardiovascular protective peptide [9] . The increased level of ACE perhaps reduces the level of apelin.
Third, we found that the influence of the operation on the level of ACE, Ang II, apelin, and BK was not obvious. The difference between preoperation and post-AF levels that has been shown in many studies may be due to POAF itself and may have nothing to do with OPCABG surgery. The higher level of ACE and the lower level of apelin preoperatively were the risk factors for POAF and were not changed after the operation. CRP and MDA are classical detection indices for inflammation and oxidative stress [5, 23, 24] . Increased levels of CRP and MDA after the operation showed the role of A paired samples -test was used to determine the levels of serum apelin preoperatively and postoperatively and they were not statistically significantly different in the entire sample ( = 0.055), the POAF group ( = 0.274), and the no POAF group ( = 0.057). (c) A paired samples -test was used to determine the levels of CRP between groups. The levels of CRP postoperatively were higher than preoperatively ( * < 0.001, the results were statistically significant). (d) A paired samples -test was used to determine the levels of MDA between groups. The levels of serum MDA postoperatively were higher than preoperatively ( * < 0.001, the results were statistically significant).
inflammation and oxidative stress perhaps more importantly. The reduced level of apelin and its anti-inflammation and antioxidative stress function may be one of the reasons for POAF. ACEI prevent the recurrence of persistent and permanent AF as it has antifibrosis effect but the main reason for the occurrence of POAF may be inflammation and oxidative stress.
In conclusion, we observed the changes and differences in levels of ACE, apelin, inflammation, and oxidative stress may be the biological reasons for POAF from this study. Higher serum ACE levels were perhaps a risk factor for POAF and higher serum apelin levels were perhaps a protection factor. Apelin may be a new predictor for POAF. The potential value of this information should be Tables 1 and 2. further evaluated in larger, prospective, multicenter studies.
Additional Points
Limitation. This study included a retrospective and observational analysis of single-center data. The relatively small sample size in this study limited our capacity to statistically detect interactions between RAAS, apelin/APJ, and POAF. Further prospective studies would allow confirmation of these initial findings with the use of a larger sample size. Serum biomarker levels are really different from local (atrial) levels. However, collection of myocardial tissue is not routine in OPCABG. It can affect the integrity of the patient's heart and most patients reject this. This is different from valve replacement surgery, which is another limitation in this research. The rhythm follow-up of patients after 48 h was limited based on clinical considerations but could result in an underestimate of POAF cases. Furthermore, the striking OR of some clinical variables (e.g., EF) requires further investigation in future studies.
